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Abstract 

In this paper, we calculate the branching ratios for B + — > Dfi],B + — > D+r/', 
B + —7- D* + r] and B + — > D* + ij' decays by employing the perturbative QCD (pQCD) 
factorization approach. Under the two kinds of r\ — rf mixing schemes, the quark- 
flavor mixing scheme and the singlet-octet mixing scheme, we find that the calcu- 
lated branching ratios are consistent with the currently available experimental upper 

limits. We also considered the so called "/d s puzzle", by using two groups of pa- 

(*) 
rameters about the D s meson decay constants, that is fu a = 241 MeV, fo* = 272 

MeV and fo B = 274 MeV, Jd* = 312 MeV, to calculate the branching ratios for the 

considered decays. We find that the results change 30% by using these two different 

groups of paramters. 
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1 Introduction 

Recent years more and more efforts have been made to the B meson decays with one p] 
even two [2] charmed mesons in the final states and it is found that the perturbative QCD 
factorization (pQCD) approach do work well in these decays. So we are going to use this 
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approach to the decays involved one charmed meson D s miu & ugui meson // -, winuii 
are shown in Fig. 1. The momenta of the two outgoing mesons are both approximately 
|ms(l — m 2 { ,)/rn 2 B ). This is still large enough to make a hard intermediate gluon in 

D s 

the hard part calculation. Most of the momenta come from the heavy b quark in quark 
level. The light quark u(d) inside B + (B°) meson, which is usually called spectator quark, 
carries small momentum at order of Aqcd- In order to form a fast moving light meson, the 
spectator quark need to connect the four quark operator through an energetic gluon. The 
hard four quark dynamic together with the spectator quark becomes six-quark effective 
interaction. Since six-quark interaction is hard dynamics, it is perturbatively calculable. 
On the experimental side, the branching ratios of B + — > Dft]' and B + — > D* + i]' 
decays have not been measured so for. For B + — > Dfrj and B + — > D* + i] decays, only the 
experimental limits are available now [3]: 

Br(B + -*■ D+r)) < 4.0 x 10~ 4 , 
Br(B + ->■ D* s + r]) < 6.0 x 10" 4 . (1) 



Electronic address: zhangzhiqing@haut.edu.cn 



In this paper, we will study the branching ratios of B + — > Dfrj, Dfrf and B + — > 
D* + r), D* + rj' decays within perturbative QCD approach based on kx factorization. It is 
organized as follows. In Sec. [2} the light-cone wave functions of the initial and the final 
state mesons are discussed. In Sec. [3J we then calculate analytically these decay channels 
using the pQCD approach under the two kinds of rj — rj' mixing schemes. The numerical 
results and the discussions are given in Sec. HI The conclusions are presented in the final 
part. 

2 Wave functions of initial and final state mesons 

In pQCD calculation, the light-cone wave functions of the mesons are nonperturbative 
part and not calculable in principal. But they are universal and channel independent 
for all the hadronic decays. There are two heavy mesons in the each considered decay 
channels, B and Ds* . 

In general, the B meson light-cone matrix element can be decomposed as [I] 

<Ih ^'(Q\l a (0)d fi (z)\B(p B )) 
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where n = (1, 0, Ot), and v = (0, 1, Ot) are the unit vectors pointing to the plus and minus 
directions, respectively. Because the contribution of the second Lorentz structure (p B {x, b) 
is numerically small and can be neglected. Therefore, we only consider the contribution 
of Lorentz structure: 

*b(x, b) = -7=^f(^B + msHMx, b). (3) 

V zi\ c 

In heavy quark limit, we take the wave functions for the pseudoscalar meson D s and 
the vector meson D* as: 

®D s (x,b) = -= 75 (f Ds +m D ,)<j> D ,(x,b), (4) 

*d*(x, b) = -j=i (?d* + m Dt )(j> Dt {x, 6), (5) 

where the polar vector ^ = ~* (1, — rjj#, Ot)- In the considered decays, D* meson 

is longitudinally polarized, so we only need consider its wave function in longitudinal 
polarization. 

The wave function for the effective quark component nn, which represents uu or dd, 
of r]^ meson is given as 

$vnn(P, x, C) = ^ip75 [V ^(ar) + ntf* rfjx) + CmT W - v ■ n^lJx)] , (6) 

\/Zl\c 



where P and x are the momentum and the momentum fraction of r] nn , respectively. The 
parameter ( is either +1 or —1 depending on the assignment of the momentum fraction 
x. For convenience, (p v „n ' are denoted as (f) v ' in the following. The ss components of 
rf'' are not relevant in these considered decays, so we do not show their wave functions. 

3 Perturbative QCD calculation 

Using factorization theorem, we can separate the decay amplitude into soft, hard, and 
harder dynamics characterized by different scales, conceptually expressed as the convolu- 
tion, 

A(B -)• DJV 5 ) ~ fd%d%d% Tr [c(t)$ B (fci)$ D (.)(fc 2 )V)( fc 3)^(fci, h,h,t)} , (7) 

where fcj's are momenta of the anti-quarks included in each mesons, and Tr denotes the 
trace over Dirac and color indices. C(t) is the Wilson coefficient which results from 
the radiative corrections at short distance. In the above convolution, C(t) includes the 
harder dynamics at larger scale than Mb scale and describes the evolution of local 4- 
Fermi operators from mjy (the W boson mass) down to t ~ 0(y/ AMb) scale, where A = 
Ms — mb- The function H(ki, k 2 , k 3 , t) describes the four quark operator and the spectator 
quark connected by a hard gluon whose q 2 is in the order of AMb, and includes the 
0(\/AMb) hard dynamics. Therefore, this hard part H can be perturbatively calculated. 
The functions ®, D w (,)•> are the wave functions of Dl* and rj^'\ respectively. 

In our paper, the light cone coordinate (p + ,P~,Pt) is used to describe the meson's 
momenta, 

p ± = —(p°±p 3 ), and p T = (p\p 2 ). (8) 

At the rest frame of B meson, the light meson moves very fast and so P 3 + or P 3 ~ can be 
treated as zero. The B meson and the two final state meson momenta can be written as 

M B , , M B , 9 M B , ■> 

P fl = -|(l,l,O r ), P 2 = -|(l,r 2 ,0 T ), P 3 = -|(0,l-r 2 ,0 T ), (9) 

respectively, where r = M w/Afg. Putting the anti-quark momenta in B, Ds* and rj^ 
mesons as ki, K2, and ks, respectively, we can choose 

k 1 = {x 1 Pf,0,kiT), k 2 =(x 2 P+,0,k 2T ), k 3 = (0,x 3 P 3 -,k 3T )- (10) 

For these considered decay channels, the integration over k^[, k 2 , and k£ in eq.((7]) will 
lead to 

A(B -¥ D^r]^) ~ dxidx 2 dx 3 b 1 dbib 2 db2hdb 3 

•Tr \c(t)$ B (x u bjQjjW (x 2 , & 2 )$„ w (x 3 , b 3 )H( Xl , b h t)S t ( Xi ) e' 3 ®] , (1 1 ! 




Figure 1: Diagrams contributing to the decays B — > Ds Tj^'\ 

where bi is the conjugate space coordinate of kiT, and t is the largest energy scale in 
function H(xi,bi,t). The last term e~ s ® in Eq. tflTT) is the Sudakov form factor which 
suppresses the soft dynamics effectively [5]. 

For the considered decays, the related weak effective Hamiltonian i? e // can be written 

as [6] 

Heft = % KM* [(CiMOiO*) + cmoM)} , 

Ox = (b a Ufs)v-A(CaS/3)v-A, 2 = (b a U a ) V - A (c a Sa)v-A, (12) 

where the Fermi constant Gf = 1.16639 x 10~ 5 GeV~ 2 , the CKM matrix elements \V u b\ = 
(3.93±0.36) x lO" 3 , \V CS \ = 1.04±0.06 [3], Ci, 2 (/x) are Wilson coefficients running with the 
renormalization scale \i. Here a, (3 are the color indexes, and (qiq2)v-A = 9i7 M (l — 7 5 )<?2- 
The leading order diagrams contributing to the decays B — y Ds'rf^ are drawn in Figfj] 
according to this effective Hamiltonian. 

In the following, we take the B — > D s r] decay channel as an example to get the 
analytic formulas by calculating the hard part H(t) at leading order. Involving the meson 
wave functions, the amplitude for the factorizable tree emission diagrams Fig. 1(a) and 
(b) can be written as: 

F ev = 8irC F f D (,) / dxidxz I bidb 1 b 3 db 3 ^ B (xi,b 1 ) 

s Jo Jo 

x { [(s 3 + l)<(x 3 ) - r v (2x 3 - l)«(z 3 ) + <(x 3 ))] 

xE e (t)h e (x 1 ,x 3 (l-r 2 D ^ ) ),b 1 ,b 3 )S t (x 3 ) 

+2r v rf(x 3 )E e (t')h e (x 3j x 1 (l-r 2 D(/) ), b 3} b 1 )S t (x 1 )} , (13) 

where Cp = 4/3 is the group factor of SU(3) C gauge group, and the mass ratios r^ = 
mt n IvriB-.r (,) = m n (*)/mB and /„(*) is the decay constant of Ds meson. The factor 
evolving with the scale t is given by: 

E e (t) = a s (t) exp[-S B {t) - S v (t)}, (14) 



where the expressions for Sudakov form factors S B (t), S v (t) and the jet function S t (x) can 
be found in [TJ. The hard function is written as: 

h e (x 1 ,x 2 ,b 1 ,b 2 ) = K (y/x 1 x 2 m B b 1 ) [9{bi - b 2 )K {^/x^m B b x ) I (y/x^m B b 2 ) 

+9(b 2 - bi)K (y/x^msh) I (^/x^m B bi)] . (15) 

The hard scales t and t' in Eq.( fl3|) are determined by 

t = max(Jx 3 (l - r 2 D(t) )m B , l/bi, I/63), 



t' 



max(Jxi{l - r 2 D ( t) )m B , l/b u l/6 3 ). (16) 



For the nonfactorizable tree emission diagrams Fig. 1(c) and (d), all three meson wave 
functions are involved. The integraton of 63 can be performed using S function 5(b 3 — b 2 ) 
and the result is 



M er? = —16tt\/2N c Cf / dx\dx 2 dx 3 / bidbib 2 db 2 Q> B (xi,bi)Q> D (*)(x 2 ) 

Jo Jo 

x { [(x 2 - 1)^(23) + r v x 3 ((j)P(x 3 ) - 0j(x 3 ))] E n {t)h l n (x l} x 2} x 3 , b u b 2 ) 

+ [(x 3 + x 2 )(j)^(x 3 ) - r v x 3 ((j)P(x 3 ) + <j^(x 3 ))E n (tf)hl(x 1 , x 2 , x 3 , b u b 2 )}} ,(17) 

where the expression for the evolution factor is E n = a s (t) exp[— S(t)\b 3 =b 1 ] with the 
Sudakov exponent S = S B + S D (*) + S v . 

The hard functions h l n ,i = 1,2 in the amplitude are given as 

K = [9(b 1 -b 2 )K (Ab l )Io(Ab 2 ) + 9(b 2 -b l )K {Ab 2 )Io{Ab 1 )} 



fR (^\Gf\b 3 ), for G 2 <0 
K {Gib 2 ), for G 2 > 



with the variables 



A 2 = XiX 3 (l - r 2 M )m Bl 



1 -' 1 ■■■■'■) 1/ , , , , . , .. _, , ., , .. . 

Us D s 

G\ = (xi -x 2 )xz{l -r 2 D( *))m B . (19) 



G\ = (xi +x 2 )r 2 ,, ) - (1 -xi -x 2 )x 3 {\ -r 2 { *))m B , 



The hard scales in Eq. ffT8|) are given by 

t = max{Am B ,y G\m B ,l/b\,l/b 2 ), 

t' = max(Am B ,^jG 2 2 m B ,l/b 1 ,l/b 2 ). (20) 

Before we write down the complete decay amplitudes for the considered decay channels, 
we firstly give a brief discussion about rj — rj mixing. As it is well-known, there exist two 



popular mixing schemes, quark-flavor mixing scheme (SI) and singlet-octet mixing scheme 
(S2) [8j |9]. In the former the nn = ~% and ss flavor states, labeled by the rj q and r\ s 
mesons, are defined. The physical states rj and rf are related to the flavor states through 
a single angle 0, 

T) \ I cos (p — sm \ / T] q 



(21) 
vj J \ sm</> cos</> J \ r] s ' 

In the latter the singlet-octet states (uu + dd + ss)/\/3 and (uu + dd — 2ss)/\/6 , labeled 
by the //i and 77s mesons, are considered. The physical states i] and rf are related to the 
singlet-octet states through an angle 9 P , 

r] \ _ / cos6» p -sm6 p \ / 7/ 8 \ , 22 « 

7/ y y sin^ cos 6» p J \ Vi J ' 

The mixing angle has been well determined, = 39.3° ± 1.0°. While one finds that 
the angle 9 p is in the range of —17° < 9 P < —10° through fitting the various related 
experimental results [S|. 

Then the total decay amplitudes of B — > D s rj channels can be written as 

A(B^D^ V ) = V^F C9 [F W7 (C 2 + y) + Af e „Ci]Fi(0) for SI, 
A{B^D^rj) = ^K s [F er? (C 2 + ^) + M e ,C 1 ]F 1 (^) forS2, (23) 

where 

Fi(0) -^r Fi( ^--^r + ^r' (24) 

are the mixing factors in the quark-flavor and singlet-octet mixing schemes, respectively. 
The decay amplitudes for B — > Da rf can be obtained easily from Eq.f l23p by the following 
replacements: 

V — ► V', (25) 

F 1 (<j>) — ► F{(0) = i=sin0, (26) 

*(*,) -+ m)-^ + ^. (27) 

4 Numerical results and discussions 

For the B meson wave function, we adopt the model 

cf>B{x,b) = N B x 2 {l — x) 2 exp 

6 



Mix 2 1, ,., 



(2f 



where w& is a free parameter and we take Ub = 0.4 ± 0.04 GeV in numerical calculations, 
and Nb = 91.745 is the normalization factor for Ub = 0.4 GeV and /# — 0.19 GeV. 
The model of n w is adopted as 



where 



^w = /d« ~fc x ( l ~ x ) l ~ a r,(*) C 1 - 2x ) 



a Ds = 0.3, a D » = 0.78, 

/ Ds = 0.241GeV, / D * = 0.272GeV 



(29) 



(30) 



The values of these parameters can be found in the Refs. [H [TTJ [T2J, [TUJ [13] . 

For i] meson's wave function, the distribution amplitudes 0^, 0^ and 0^ represent 
the axial vector, pseudoscalar and tensor components of the wave function, respectively. 
They are given as: 
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J Yjnn 



:6x(l — x) 



-jq-nnr^l^ 



[X 



2y/2N c 

+al nn Cl /2 {2x-l) 
J 1 1 



1 + af n Cl / \2x - 1) + a n ™C%\2x - 1) 



rinn /^f3/2 , 



X 



2 v / 2iV; 
xC 4 1/2 (2x-l) 

f 

Jr j^_ (l -2x) 
2^2W c y ' 



1 + (30r/3 - ^ptJ^ /2 (2x - 1) - 3 {^3 + ^PU 1 + 6a D} 



1 + 6(5r/ 3 - -773W3 - — 



''Qnn 



pi ar fi )(l-10x + 10x' 

' <lnn £ ' \ 



(31) 

(32) 
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with 



fv 



nn 



1.07/^, p Vnn = 2m n /m nn , 
0, af n =0.115 ±0.115, af 



-0.015. 



(34) 



The chiral enhancement scale mP^ shown in Eq.(j6]) is defined by 



m 



?7nn 



m; 



1 



2m n 2m r 



V2L SS 



|m 2 cos 2 + m 2 , sin 2 — - / Vss (mi, — m 2 ) cos sin 0], (35) 



In, 



where the current quark mass m n = m u = m d and f Vs - = (1.34 ± 0.06)/^ [9j [14] . 

The parameters defined in Eq. (!34j) and Eq. (l35l) are for the quark-flavor mixing scheme. 
As for singlet-octet mixing scheme, the parameters /, nij) fflj" are changed to f n and m^, 
respectively. 

In the B-rest frame, the decay rates of B — > Dg ry^ can be written as: 



r-^—GW B \A\ 2 (i-r 2 nMJ , 



32tt 



Dl 
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Table 1: Branching ratios (xlO -5 ) for the decays B + — > Dg r\ and B + — )■ Df^r)'. SI 
represents the quark-flavor mixing scheme with mixing angle <fi = 39.3°. S2 represents the 
singlet-octet mixing scheme with mixing angle 8 P = —10° and 9 P = —17°, respectively. 
Here the threshold resummation parameter c = 0.3. The first theoretical error is from 
the B meson shape parameter u;&, the second error arises from the higher order pQCD 
correction. The third one is from the uncertainties of CKM matrix elements. We also list 
the current experimental upper limits (90% C.L.). 



Channel 



Sl(0 = 39.3°) 

-0.36+0.30+0.21 
'-0.61 -0.06-0.21 
n yo+0.24+0.23+0.14 
u -'°-0.17-0.05-0.14 
i a a +0.48+0.35+0.27 
1 -^-0.34-0.10-0.27 
n Q7+0.32+0.29+0.18 
u - y ' -0.23-0.07-0.18 



S2(0, 



-10° 



n on+<J.26+U.2Y+U.15 
u - ou -0. 19-0. 06-0. 15 
n 70+0. 25+0. 24+0. 14 
u -'°-0. 19-0. 05-0.14 

1 ng+ - 34 +°- 29 + - 20 



S2(0. 



/' 



-17° 



n QQ+0.34+U.29+0.18 
u - yy -0. 24-0. 07-0. 18 
n cq+O. 18+0. 16+0.08 
u - dy -0. 10-0. 03-0. 08 
1 01 +0.43+0.34+0.25 
i -° i -0. 76-0. 07-0. 25 
n 70+0. 26+0. 26+0. 14 
u -' y -0. 20-0. 05-0. 14 



Data 



" V 



B+ -> D- 
B + -> Dj 
B+ -> D* + r] 
B + -)> D*+t/ 



1.08: 



1.04" 



0.58-0.06-0.20 
0.33+0.29+0.19 
0.57-0.05-0.19 



<40 

<60 



where A is the total decay amplitude shown in Eq.( j23j) . 

Using the wave functions and the input parameters as specified in the previous part, 
it is straightforward to calculate the CP-averaged branching ratios for the considered 
decays, which are listed in Table [TJ The first error in these entries is caused by the B 
meson shape parameter u>b = 0.40 ± 0.04. The second error arises from the higher order 
pQCD correction: the choice of hard scales, which have been defined in Eq. (ll6[) and 
Eg. (ISO]) , vary from 0.9£ to l.lt. The third error is from the uncertainties of the CKM 
matrix elements. 

It is known that there is a discrepancy on the decay constant fu a between theory 
and experiment [15], which is so called " fu s puzzle". For example, the result within 
convariant light-front approach is about 230 MeV [16], and it is fo a = 249 ± 3 ± 16 MeV 
given by the Lattice QCD calculation [12]. While the measurements of fo s have been 
improved by the CLEO and BarBar collaborations [TT] HE], and obtained 274 ± 13 ± 7 
MeV and 283 ± 17 ± 7 ± 14 MeV, respectively. However, the decay constant of D* has 
not been directly measured in experiment so far. On the theoretical side, the result from 
the Lattice QCD calculations shows f D . = 272 ± 16+2 MeV PI H5[ I20j . which is used in 
our numerical calculation. Certainly, the consistent result is also obtained by the QCD 
sum rules, f D * = 260+? 2 MeV [33]. 

If we use the decay constants given by theory shown in Eg. (1301 . the branching ratios 
are listed in Table [Q We also calculate by using the improving measured value obtained 
by the CLEO collaboration, fo s = 0.274 GeV, at the same time, the decay constant of D* 
is taken as fr>* = 0.312 GeV [21]. Then the corresponding results are listed in Tabled 
One can find the branching ratios obtained a 30% enhancement by using these new decay 
constants. 

It is noticed that in the upper two groups of values for the decay constants fjj and 



Table 2: Branching ratios (xlCT 5 ) for the decays B + — > Dg i] and B + — > Da vf with 
the decay constants fo a = 274 MeV and fo* = 312 MeV. Here the threshold resummation 
parameter c = 0.3. The errors for these entries correspond to the uncertanties of the B 
meson shape parameter Ub, from the scale-dependence and the CKM matrix elements, 
respectively 



Channel 



Sl(c/> = 39.3°) 

-0.46+0.10+0.27 

-0.38-0.12-0.27 

n q/i+0.22+0.08+0.18 



S2(0 f 



-10° 



I n o+U.26+U.09+U.20 
i - uo -0.30-0.07-0.20 
i m +0.25+0.09+0.19 
i - ui -0. 29-0. 07-0.19 

1 /in+ - 45 +°- 10 + - 26 

1 -^ u -0.38-0.12-0.26 
-i O7+0.44+0.10+0.25 
i -°' -0.36-0.12-0.25 



S2((9 p 



-17° 



-1 90+0. 4U+0. 09+0. 25 
i - zo -0.32-0.10-0.25 
n 77+0.26+0.23+0.14 
u -' '-0.18-0.06-0.14 
1 7O+0.52+0.14+0.30 
i -'°-0. 40-0. 15-0. 30 
1 ry+0. 26+0. 09+0. 20 
± - LW: -0. 28-0. 07-0. 20 



Data 



B + ^ D: 



V 



B + -> D+rf 
B + ->■ L>*+?7 



1.40" 



-0.28- 
L90 -H).62H 



0.07-0.18 
0.16+0.33 
0.45-0.13-0.33 
1 97+0.42+0.13+0.24 
i - z ' -0.30-0.09-0.24 



<40 

<60 



d«- 



# 



Table 3: Branching ratios (xlO ) for the decays B + — >• D s ' r\ and B + — > u s ' ' rj' 
When we take the parameters in SI, the branching ratios for different threshold resum- 
mation parameter c. The errors for these entries correspond to the uncertanties of the 
B meson shape parameter Ub, from the scale-dependence and the CKM matrix elements, 
respectively 



Channel 


c = 0.3 


c = 0.35 


C = 0.4 


B + -»■ D+rj 
B + -+ D+rf 
B + -> D*+r] 
B + -» D* s + r]' 


1 n^ - 3 ^ - 31 ^ - 21 

-■-• uo -0. 61-0. 06-0.21 
n 7O+0.24+0.23+0.13 
u -'°-0. 17-0. 05-0.13 
1 a a +0.48+0.35+0.27 
-■-•^-0. 84-0. 10-0.27 
Q7+0. 32+0. 29+0. 18 
u - y ' -0.23-0.07-0.18 


n Q7+0.31+0.29+0.17 
U.JI -0.24-0.09-0.17 
n K r+0.21+0.21+0.12 
u - ud -0.13-0.03-0.12 
1 9Q+0.42+0.33+0.25 
-■-• zy -0.76-0.08-0.25 
cc+0.28+0.27+0.16 
U.OU_ .22-0.07-0.16 


n qc-+0.28+0.26+0.15 
U.OO_ .20-0.06-0.15 
n ^7+0.19+0.18+0.10 
u - d ' -0.11-0.02-0.10 
1 -./I +0.40+0.31+0.23 
i -- L ^-0.70-0.07-0.23 
n 7(-+0.25+0.23+0.13 
u -' u -0.18-0.06-0.13 



f D: , the relation [TT1 120] 



l°i~ Ie±~ fe± = [1.1,1.2] 

/d* /d /b 



(37) 



is connotative. It is different from [13J, where the relation between /d* and /d s derived 
from HQET was used: 









(3* 



From the Eq. (138]) , one can get the value of /d* , which is less than f Dg . 

From Table [1] and Table [21 one can find that the differences of the branching ratios 
between B + — > D s * r\ and B + — > D s *' rf are small in S2 with mixing angle 9 P = —10°, 
while they are large in S2 with mixing angle 6 P = —17° and SI. For the decays B + —¥ 
D s T], their branching ratios are close in SI and S2 with mixing angle 6 p = —17°, 



respectively. For the decays B + — > Dg* rj', their branching ratios are close in SI and S2 
with mixing angle 8 P = —10°. 

If we take the different threshold resummation parameter c, one can find the results 
(shown in Table |3]) corresponding to these parameters c = 0.3, 0.35, 0.4 decrease sequen- 
tially by about 10%. It is noticed that the threshold resummation factor is only considered 
in the factorizable contributions. It is the same with the decays B — Y Dg'ir, the contri- 
butions from the factorizable amplitudes are dominant. 

5 Conclusion 

In this paper, we calculate the branching ratios of decays B + — > Dfr/^ and B + — > D* + r]^ 
in the pQCD factorization approach. We find that: 

• To determine the vector meson D* decay constant, the relation -£*- « ^^ « ^ is 

s J ' In* id IB 

connotative. It implies that /d* is a little larger than fjj a , which is not the same 
with the relation derived from HQET: -¥*- = . /^^- . 

^ !d s Y m D * 

• For the branching ratios of the considered decay modes, the pQCD predictions in 
the quark-flavor mixing scheme are 

bt(b+ -► d+v) = (i.o8±o : |f±C;g^:lD x io- 5 , 

Br(B+ -* D+rf) = (0.73^°:K£) * IO" 5 , 
Br{B+ -+ D*+ V ) = (1.44$£$™%) x IO" 5 , 
Br(B+ -+ D:V) = (0.97±g;il±8;^±°il) x 10" 5 . (39) 



• If we take the improved measurement fn s = 0.274 GeV, which is obtained by 
the CLEO collaboration, and fo* = 0.312 GeV, the branching ratios get a 30% 
enhancement. 

• We also investigate the effect of the threshold resummation. Taking the different 
threshold parameter c = 0.3, 0.35, 0.4, one can find the results decrease sequentially 
by about 10%. 
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